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Introduction
The first interpretations linking climate change to
the trajectories of civilisation and culture appeared
at the beginning of the 20th century, and were em-
bedded in geographical, climatological and archaeo-
logical studies. Sudden droughts and aridification
were recognised as climatic and environmental de-
terminants related to catastrophic scenarios and the
collapse of civilisations in Egypt, Mesopotamia, and
India, as well as nomadic tribes from Central Asia in-
vading Europe (Huntigton 1926; Brooks 1926). In a
parallel adaptive scenario within the context of cul-
tural evolution, the ‘oasis theory’ determined the de-
velopment of subsistence strategies, including the
cultivation of plants and domestication of animals,
and the introduction of farming (Childe 1928).
By the end of the 20th century, climatologists had in-
troduced a model of long-term global and regional
dynamics of climate changes at 3000-year intervals
within the period 18 000 BP and the present, which
was embedded in the Cooperative Holocene Mapping
Project (COHMAP). The model simulation was based
on well-dated radiocarbon biological and geological
proxy data, such as pollen in lake sediments, lake
levels, marine plankton, ice sheet dimensions and
sea-ice extent. They suggested that the driving forces
behind many long-term climatic changes were the
varying insolation in the upper atmosphere and dy-
namics in global atmospheric circulation (COHMAP
Members 1988). They correlated the first climate
change in the Holocene within the interval between
13000 in 10000 BP with the Neolithic revolution in
the Near East. Transition to farming was marked in
this context as an “early human response to a uni-
que sequence of climatic events” (Wright 1993.466).
Rapid climate changes
The model of long-term climate changes was soon
replaced by Bond’s ‘cycle of abrupt climate shifts’,
‘rapid climate changes’ (RCC) and ‘cooling events’.
The first was introduced by Gerard Bond et al. (1997;
1999) and linked to eight ‘Ice Rafting Detritus’ (IRD)
phases in the North Atlantic in a cycle of ~1470 ±
500 years. In deep core drillings, these phases are
marked by the accumulation of eight layers of ice-
rafted lithic debris, primarily caused by iceberg dis-
charges from the northern ice-shield. Ice-rafting epi-
sodes were associated with ocean surface cooling,
each case of which appears to have been caused by
a rather substantial change in the North Atlantic ther-
mohaline circulation. The eight IRD events were
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dated by planktonic foraminifera AMS 14C dating in
two deep-sea drilling cores, and embedded in the
following sequence: 11.3, 10.3, 9.5, 8.2, 5.9, 4.3, 2.8
and 1.4 years calBP (Bond et al. 1997.Fig. 2). It
was suggested that increased inflows of glacial water
in the correlate with the periods of reduced solar ac-
tivity (Bond et al. 2001; Barber et al. 2004). How-
ever, Bond's annual cycle has not been confirmed in
either the Eastern or Western Mediterranean; inter-
vals of ~2300 to 2500 years were suggested for the
former (Rohling et al. 2002b), and 1300, 1515, 2000,
and 5000 years for the latter (Rodrigo-Gámiz 2014).
The cooling events in the Eastern Mediterranean
have been associated with reductions in solar out-
put and in stratospheric ozone production, which
led to cooling of the lower stratosphere and later to
the changed meridional extent of atmospheric cells.
These were ascribed to an intensification and in-
creased frequency of wintertime northerly outbreaks
of cold polar and continental air over the basin in
the periods 8.6–8.0, 6.0–5.2, 4.2–4.0 and 3.1–2.9
calBP. Contemporaneous cooling events have been
identified in the Adriatic Sea (Rohling et al. 2002a;
Siani et al. 2013).
The rapid climate changes (RCC) model was intro-
duced by Paul A. Mayewski et al. (2004). They iden-
tified as many as six RCC periods for the Holocene
in a cycles of ~2800–2000 and 1500 years. RCC are
given as 9000–8000, 6000–5000, 4200–3800, 3500–
2500, 1200–1000, and 600–150 calBP years (Fig. 1).
These periods were documented by a comparison of
~50 globally distributed palaeoclimate records, care-
fully selected according to length (full Holocene co-
verage), sampling resolution (dating resolution bet-
ter than 500 years), interpretation quality, and geo-
graphic distribution. The first rapid climate change,
well known as the ‘8.2ka calBP event’, relates to the
process of Neolithisation in Europe. It was caused by
a strong, cold fresh-water pulse from the Laurentide
Lakes in North America into the North Atlantic. The
others relate to variations in solar radiation output.
The cooling of the Northern Hemisphere, droughts
in the tropics and changes in atmospheric circula-
tion are characteristics of all rapid climate changes.
A contrasting pattern is documented at the mid-lat-
itudes 43° and 50°N in the French Pre-Alps, on the
Swiss Plateau, and in Central Europe. Pollen records,
palaeohydrological and other proxy data in lake se-
diments during the first RCC point to an evidently
wet period. Lake level fluctuations show a sequence
of lake level maxima, preceded and followed by lake
level minima (Magny et al. 2003). A similar tripar-
tite sequence has been recorded in the Central and
Western Mediterranean within the 4.2ka calBP event.
Wet periods and high lake levels at c. 4300–4100
and 3950–3850 years calBP were interrupted by a
dry period with low lake levels between c. 4100–
3950 years calBP (Magny et al. 2009; 2012).
The concept of centennial-scale ‘cold events’ relates
to Bond’s cycles model. It was grounded on analyses
of temperature, precipitation and glacier dynamics
proxy data that are preserved in various terrestrial,
lake and deep-water sediment and ice-core palaeo-
climatic archives. Heinz Wanner et al. (2008; 2011)
thus identified six cold events in the Holocene. The
first, the 8.2ka BP cold event, was embedded in the
period 8300–8100 calBP. It should be stressed, how-
ever, that cooling anomalies in different regions are
given in a longer period of 4 to 6 centuries (Roh-
ling, Pälike 2005). The first was followed by the 6.5–
5.9, 4.8–4.5 and 3.3–2.5 events at c. 6400–6200,
4800–4600 in 2800–2600 calBP. The latest two, the
fifth (1.75–1.35) and the sixth (0.7–0.15) cold events
date to the periods between 500–300 and 650–450
calBP (300–600 and 1200–1800 AD). These are as-
sociated with the Dark Ages, the Migration Period,
and the Little Ice Age (Wanner et al. 2011).
The fifteen episodes of high lake levels parallel the
rapid climate changes and cold events. These were
documented in 26 lakes in the foothills of the West-
ern Alps, the Jura Mountains and in the central pla-
teau in Switzerland. The episodes are radiocarbon
dated and embedded in the following calendar se-
quences: 11250–11050, 10300–10000, 9550–9150,
8300–8050, 7550–7250, 6350–5900, 5650–5200,
4850–4800, 4150–3950, 3500–3100, 2750–2350,
1800–1700, 1300–1100, and 750–650 calBP (Magny
2004).
South of this area, in the Central Mediterranean, wet
periods occurred in the time intervals c. 10 200,
9300, 8200, 7300, 6200, 5700–5300, 4800, 4400–
3800, 3300, 2700–2300, 1700, 1200 and 300 calBP.
In the Middle Holocene, a trend of a contrasting pat-
tern of the precipitation regime can be observed.
Wet winters and dry summers are documented
above 40° N, and wet winters and wet summers in
the southern regions. This pattern reversed in the
Late Holocene (Magny et al. 2012; 2013; Peyron et
al. 2013).
In archaeology, associations between prehistoric cul-
tures and climate changes were determined by vari-
ous theoretical concepts and interpretative contexts
(Trigger 1971; 1996). They were embedded in the
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deterministic model of unilineal
cultural evolution and diffusion.
This model postulates that every
change in human behaviour pat-
terns, in the progress of economy
and technology, as well as cul-
tural trajectories was directly con-
nected to climate and environ-
mental changes (Clark 1936;
Childe 1958). A similar concept
was introduced by new or pro-
cessual archaeology, whereby the
evolution of prehistoric societies
was determined by a successful
cultural adaption to climate and
environmental change (Binford
1968; Tainter 1988). In post-pro-
cessual archaeology, the opposite
was proposed: all changes in past
societies, even in the natural en-
vironment, were triggered by hu-
man agency (Hodder 1986; Tilley
1994).
In parallel interdisciplinary stu-
dies, the landscape dynamics and
cultural transformations in the
Holocene have always been di-
rectly related to climate and en-
vironmental fluctuations at the
regional and global level (for an
overview, see Berglund 2003;
Brown, Bailey, Passmore 2015).
The correlation was based on the
radiocarbon dates both of archa-
eological contexts and glaciologi-
cal (ice cores), geological and geo-
chemical (terrestrial and marine)
and biotic palaeoclimate archives.
The most important proxy data on
past climates and climate events
are: oxygen and carbon isotopic composition, trace
element and micro-particle concentrations, gas con-
tent in air bubbles; glacial deposits and features of
glacial erosion, periglacial features, lacustrine sedi-
ments, and erosional features, relict soils and vol-
cano eruptions; biochemical markers in fossil plant
and animal planktic, oxygen and carbon isotopic
composition in ocean deposits and sapropel depo-
sits; pollen and plant macrofossils in lake and ter-
restrial sediments, diatoms, ostracods, and insects in
lake sediments; stable oxygen (δ18O) and carbon
(δ13C) isotopes in speleothems; tree ring width, den-
sity and carbon stable isotope composition, stable
carbon isotope in barley grains (Bradley 1999; Brif-
fa 2000; Sach et al. 2000; Barber et al. 2004; Ru-
diman 2008; Marino et al. 2009; Steinhilber et al.
2012; Wanner et al. 2012; Riehl et al. 2014; Magny
et al. 2004).
The first comprehensive connection between rapid
climate changes, past cultural dynamics, and archaeo-
logical cultures on a global scale was embedded in
the paleoclimatic interpretative context. It was based
on a statistical analysis of the distribution of 815
radiocarbon dates connected to fluctuations in the
pollen sequence, the rise in sea levels, and the pre-
Fig. 1. Rapid climate changes (RCC) in the Holocene (after Mayewski
et al. 2004.Fig. 3).
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sence of peat in palaeobotanical data, as well as on
3700 dates connected to 155 archaeological cultural
sequences (Wendland, Bryson 1974).
The continuing catastrophic explanations present ra-
pid climate changes as the cause, and the collapse of
population and civilisation as well as the ‘Dark Ages’
as its effects. The collapse of cultures such as the My-
cenae in Greece, the Hittite and Akkadian empires,
and the 3rd dynasty in Ur in Mesopotamia, and dy-
nastic periods V and VI in Egypt were all linked to
rapid climate changes (Carpenter 1966; Bell 1971;
Bryson et al. 1974; deMenocal 2001). All these
events have been connected with sudden cooling
events and dry periods, and the desertification of
these regions. These interpretations were legiti-
mised by Barbara Bell’s postulate that climate fluc-
tuations present a historical reality as much as the
‘Dark Ages’ (Bell 1971.2). Great emphasis was placed
on the so-called ‘Tell Leilan event’, a disruption in
the settlement of many tell sites in northern Meso-
potamia (i.e. Tell Leilan, Tell Brak, Tepe Gawra)
around 2200 calBC that marks the rapid climate
change and desertification of the region, the collapse
of the irrigation system and of the Akkadian Empire
(Weiss et al. 1993; Courty, Weiss 1997; Weiss, Brad-
ley 2001; Cullen et al. 2000; deMenocal 2001). A
similar scenario was proposed for the fall of Mayan
civilisation (Hodell et al. 1995; deMenocal 2001;
Haug et al. 2003). Karl W. Butzer indicated the con-
ceptual weakness and interpretative limitations of
deterministic models (Butzer 1972; 1975; 2012; But-
zer, Endfield 2012). He offered an alternative, cul-
tural ecology approach to the concepts of climate
fluctuation and the hypothesis of climate as the
only cause of social collapse. Butzer emphasises that
the activities of past pre-industrial societies destroy-
ed the balance in regional ecosystems and caused
shifts in subsistence, population, and culture that
did not result in the collapse of systems, but in cul-
tural and economic adaptations to new environ-
ments and a changed climate. A similar concept was
introduced by the French Annales School, where
historians emphasised that the influence of climate
change on past societies was only indirect and ba-
rely visible. As an example, they referred to the Lit-
tle Ice Age and the plague outbreak at the end of
the 16th in addition to the general crisis in the 17th
century in Europe. However, Le Roy Ladurie (1971.
17) suggested that famine, pandemics, migrations,
low food production and its high cost, as well as
lack of money “are not and cannot be facts which
are strictly climatic”. Crawford S. Holling (1973) in-
troduced the concept of ‘resilience’ into ecological
studies, in which he stressed that natural systems
have a capacity to absorb environmental and climate
changes without dramatically altering. But resilience
has its limitations, and as the changes reach a criti-
cal limit, the system then changes and adapts to
another condition.
Change in paradigms
The climatologist Wallace S. Broecker already warn-
ed in the 1970s of an “inevitable global warming”
(Broecker 1975), and the oceanographer John Im-
brie of the possibility that the use of fossil fuels would
push our planet into a “super-interglacial age, un-
like anything experienced in the last million years”
(Imbrie, Imbrie 1979.185).
The global warming scenario became increasingly
popular after the first assessment report on the cli-
mate system and its estimated changes in the future
which was published in 1990 by the Intergovern-
mental Panel on Climate Change (IPCC) at the UN.
The substitution of the rapid global cooling para-
digm with the paradigm on global warming was
based on new proxy data on the correlation between
past gas concentrations in the atmosphere and cli-
mate changes in ice-core and deep-water paleocli-
mate archives, the use of climate models such as the
atmospheric and oceanic general circulation model
(GCM), and the rise of global temperatures in the
last century (Chambers, Brain 2002; Alley et al.
2003). In the fourth assessment report, which com-
prised progress reports by three different working
groups (the second group focused on the environ-
mental impact and human adaptability to climate
change) it was stated that the increasing greenhouse
gas emissions since 1750 were the result of human
activities. Carbon dioxide (CO2) and methane (CH4)
concentrations are higher now than at any time in
the past 650 000 years. The same applies to nitrous
oxide (N2O) concentrations in the past 16 000 years
(Bernstein et al. 2008; Parry et al. 2007). The docu-
mented increase in carbon dioxide and methane con-
centration levels in the time span between 6000
and 3000 BC could be connected with the begin-
ning of agriculture and deforestation in Europe and
to rice cultivation, rice fields and irrigation systems
in India and China (Ruddiman 2003).
Concerns due to the human influence on current
global warming and the rapid reinforcement of as-
sessments on the frequency, rapidity and volume of
climate changes in the past have encouraged a series
of reflections on past environmental disasters and
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the human response to them. In this context, the ca-
tastrophic approach and the collapse concepts as sin-
gle-cause interpretative hypotheses became increa-
singly popular. These hypotheses linked sudden co-
oling and droughts in the past with the collapse of
ancient civilisations: the Akkadian Empire in Meso-
potamia, the Old Kingdom in Egypt, the pre-Colum-
bian American civilisations, the Mayan and Moche
civilisations in Mesoamerica and South America, as
well as the Norse culture in Greenland (Arneborg et
al. 1999; Cullen et al. 2000; Gill 2000; deMenocal,
2001; Van Buren 2001; Hassan 2001; Hodell et al.
2001; 2005; Williams 2002; Haug et al. 2003; Stan-
ley et al. 2003; Dillehay et al. 2004; Fagan 2004;
Diamond 2005; Rodning 2010). Jared Diamond
(2005.3, 6, 20) was the only one of these authors
who cautioned on the complexity of the processes
and the often ignored fact that these past shifts in
civilisation (e.g., population decline and/or reduc-
tion of political, economic and social complexity on
a larger scale over a long period) were not necessar-
ily real ecological collapses, but collapses induced by
unsustainable subsistence strategies, poor natural re-
source management, and the degradation of eco-
systems.
The concept of adaptive strategies
Collapse is seen as the most radical adaptation stra-
tegy of past societies to climate change (Tainter
2000a.332). Colin Renfrew (1979a; 1979b) has de-
fined collapse with the help of system theory and
catastrophe theory as an allactic type of cultural
change defined by two development trajectories, the
anastrophic and the catastrophic. Anastrophe de-
notes the rise in organisational complexity and cen-
tralisation, as well as the emergence of new bureau-
cratic and other authoritative structures, resulting
in an increase in the use of economic resources. Ca-
tastrophe denotes the fall of centralised and social-
ly structured complex societies and their regressive
transformation into fragmentary and dissociated
chiefdoms and tribal communities. In both trajec-
tories, the bifurcation point presents key elements;
these are division points in which a system takes its
own trajectory, which is always limited by old sys-
temic political, economic, technological postulates
and values. Bifurcation points are also destabilisa-
tion points, where even the smallest internal and/
or external causes (climate change, political and eco-
nomic shifts, war, and migration) can effect huge,
although gradual, changes. Collapse is therefore a
transformation trajectory that can take centuries
and leads back to less structured and poorly con-
nected tribal communities. Renfrew predicted that
in marginal areas, some old social structures sur-
vived and triggered the process of renewed trans-
formation into complex and centralised communi-
ties.
Additionally, Joseph A. Tainter (1988) defined the
collapse of complex prehistoric and historical soci-
eties as a political process in which a society dis-
plays a rapid, i.e. in a few decades, loss of an estab-
lished level of socio-political complexity, whereby
a society either collapses or enters into a new deve-
lopment cycle. Similarly to Renfrew, he anticipated
that this process is connected to the economic ef-
fect of marginal returns and the operation of social
elites, which in the short term may facilitate a suc-
cessful adaptation to the changed natural environ-
ment by means of transformed economic strategies
and the intensive use of natural resources. Next, due
to erroneous economic policies and the overdevelop-
ment of social structures, the process causes social
collapse (Tainter 2006a). Tainter based his ideas on
James G. Miller’s (1978) general theory of living sys-
tems that are organised into interactive sub-sys-
tems, on their interaction, influence and attitude to
the environment. The premise underlying this the-
ory is that nature presents a continuum of complex
life action organised into various patterns that are
repeated at all system levels. Nevertheless, Tainter
(2006b) noted a key difference between the two the-
ories. The relationship of environmental conditions
to human sustainability is indirect and subtle. The
relationship is mediated by human capacities in
problem solving. Sustainability is not the achieve-
ment of stasis; it is not a passive consequence of hav-
ing fewer humans consuming more limited resour-
ces: one must work at sustainability. The challenges
to sustainability that any society (or other institu-
tion) might confront are, for practical purposes, end-
less in number and infinite in variety. This being so,
sustainability is a matter of problem solving, an ac-
tivity so commonplace that we perform it with lit-
tle reflection. Rarely does science address the issue
of problem solving, or its long-term consequences.
Complexity, according to Tainter (200b), is there-
fore an economic category and a basic problem-
solving tool. Complexity is generally understood to
refer to such things as the size of a society, the num-
ber and distinctiveness of its parts, the variety of
specialised social roles that it incorporates, the num-
ber of distinct social personalities present, and the
variety of mechanisms for organising these into a
coherent, functioning whole (Tainter 2006b.92;
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1988. 23). We define sustainability as maintaining,
or fostering the development of systemic contexts
that produce goods, services and amenities that
people need or value at an acceptable cost for as
long as they are needed or valued (Allen, Tainter,
Hockstra 2003.26).
According to the diminishing return and marginal
productivity theories introduced by the neo-classical
school of economics, problems can only be addres-
sed successfully within a given time. Namely, the
cost of problem management can eventually reach
a point where continual investments in complexity
will not be correspondingly profitable. Higher input
costs usually result in lower profits. When they reach
marginal productivity, any further investment in
complexity contributes less to general productivity
than the previous investment. After an extended pe-
riod of diminishing returns, problem solving be-
comes ineffective and sustainability unstable, and
societies become vulnerable. Problem-solving trajec-
tories can continue for decades, generations or cen-
turies; the results are: collapse, adaptation and re-
covery with a lower level of complexity, the mainte-
nance of sustainability with increased levels of com-
plexity and the exploitation of alternative resources.
Sustainable development is therefore the ability of a
society to maintain a continuing action of political
and social structures, their hierarchy and permanent
accessibility to economic resources (Tainter 2006b.
92; 2014.202). Tainter cited the collapse of the Ak-
kadian Empire, the fall of the Roman Empire and
Mayan civilisation on the one hand, and the recov-
ery of the Byzantine Empire and colonial Europe on
the other.
The interpretative estimate of sustainability is resi-
lience in certain conditions. Although, Timothy F. H.
Allen et al. (2003.26) cautioned that it is important
to distinguish sustainability from resilience. Sustain-
ability is the capacity to continue a desired condition
or process, social or ecological. Resilience is the abil-
ity of a system to adjust its configuration and fun-
ctioning despite disturbance. In social systems, resi-
lience can mean abandoning sustainability goals and
the values that underlie them. Sustainability and re-
silience can conflict.
On the other hand, Fikret Berkes et al. (2003.2, 6)
obscured the distinction between sustainability and
resilience. They described sustainability as a dyna-
mic process and the adaptive capacity of societies to
adjust to any given climate and environmental con-
dition. At the same time, sustainability is the prote-
ctive capacity of ecosystems to support social and
economic systems. They linked resilience to the capa-
city to adapt to changes in terms of growth and re-
newal cycles.
As already stated, the concept of resilience was in-
troduced to ecology by Holling in the early 1980s.
He later connected resilience with the adaptive cycle
(Holling 1986) and with the hierarchy of social-eco-
logical systems, and termed this ‘panarchy’ (Holling,
Gunderson 2000; Holling 2001; Holling, Gunder-
son, Ludwig 2002.5)1. He conceptualised it as the
continuum of hierarchical cross-scale dynamics and
the intertwined set of adaptive and renewal cycles
that define the sustainability of social-ecological sys-
tems (Holling 2001.396; Gunderson et al. 2002).
In other words, panarchy is a hierarchical structure
in which systems of nature and humans, as well as
combined human-nature systems and social-ecologi-
cal systems are interlinked in unending adaptive
cycles of growth, accumulation, restructuring, and
renewal (Gunderson et al. 1995; Folke et al. 1998).
The size of this structure in social contexts ranges
from a household to an empire.
Panarchy is the recurrent adaptive cycle of four pha-
ses of processes and events. The first phase, the ‘r’
phase, is associated with exploitation, fast migration
to uninhabited or sparsely inhabited areas, rapid po-
pulation growth, new technologies, and subsistence
strategies. The second, the ‘K’ phase, is associated
with a static period, mismanagement, and increas-
ing rigidity. The third, the ‘Ω’ phase, is the period of
creative destruction and chaotic problem solving,
the abandonment of economic resources, collapse
and migrations. The fourth and final phase, the ‘α’
phase, is a period of reorganisation and renewal
(Gunderson et al. 2002; Berkes et al. 2003; Walker,
Salt 2006.163; Folke 2006; Scheffer 2009; Aimers,
Iannone 2014). Due to sudden, unpredicted and
long-term events and processes formed outside these
cycles, especially in the adaptive phase, the total col-
lapse of panarchy and permanent disruption of the
continuum of system functions are possible. Holling
(2001.399) linked the collapse to long-term and ca-
tastrophic events.
1 Panarchy is coined from two words, pan-hierarchy, and denotes the correlation between change and sustainability, between the pre-
dictable and unpredictable. Crawford S. Holling, Lance H. Gunderson and and Donald Ludwig (2002.5) combined the name of the
Greek god Pan (change and unpredictability) and the term hierarchy to denominate structures that maintain the system and allow
for progress. In should be stated that philosophers have used the term since 1591. Panarchy is also included in system theory as
the opposite of hierarchy.
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Panarchy is therefore a model of the reorganisation
of hierarchical structures into dynamic adaptive en-
tities, sensitive to even small disruptions in the tran-
sition from the growth phase to the ‘omega’ collapse
and reorganisation phase, as well as in the transi-
tion from the ‘alpha’ phase of fast growth. Special
emphasis is placed on the importance of inter-level
dynamics and interactions that lead from revolt to
creative destruction and to the activation of memo-
ry. This directs both reorganisation and renewal. Me-
mory is the accumulated experience and history of
the system, providing context and sources for rene-
wal, recombination, innovation, novelty and self-or-
ganisation following disruption (Holling 2001; Gun-
derson et al. 2002.16). In other words, social mem-
ory refers to the long-term communal understanding
of the dynamics of environmental change and the
transmission of the pertinent experience, as used,
for example, in the context of climate change (McIn-
tosh 2000.24). Panarchy is therefore both creative
and conservative, maintaining the dynamic balance
between rapid changes and traditions on the one
hand, and interactive inter-level dynamics on the
other. The system is maintained and advanced simul-
taneously (Holling 2001). Resilience is therefore the
ability to constantly reorganise existing social struc-
tures, hierarchies and economic practices and to start
the growth cycle again and again. In other words, re-
silience is the ability to maintain sustainable develop-
ment (Smit, Wandel 2006).
Historical geographers and paleoecologists have
placed collapse in scenarios of trajectories of vulne-
rability and environment-culture interactions. They
maintain that the collapse of past civilisations is the
direct consequence of climate change, and refer to
various economic-development and population mod-
els based on the evolution paradigm of a gradual,
continuous and unilineal growth of past societies.
At first, highly vulnerable Mesolithic hunter-gather-
ers and Neolithic farmers were placed in the traje-
ctory of vulnerability. These are followed by less vul-
nerable complex and centralised as well as highly
productive and stable agrarian-urban societies, al-
though these societies may again become vulnerable
in overpopulated areas and in areas where the ex-
ploitation of natural resources is uncontrolled. In
the first group, the collapse of the whole cultural-
demographic system is the only response to climate
events. Only the second group has integrated adap-
tation practices, and it is connected to the beginning
of the agricultural revolution at the end of the 18th
century (Messerli et al. 2000). In the context of com-
plex environment-culture interactions, four different
responses of past societies to climate and environ-
mental changes are presented (Coombes, Barber
2005). The first response is the total collapse of po-
pulation in remote areas due to the loss of the means
of subsistence, the rapid decline of the economy, and
shifts below the subsistence level. The second res-
ponse is partial decline in population in remote areas
due to the food supply being above the subsistence
level. In the third, climate and environmental chan-
ges set off technological progress and changes in food
production which support new social-economic deve-
lopments and the formation of new levels of social
complexity. This scenario is based on a model of eco-
nomic development by Ester Boserup (1965; 1988)
according to which past societies were forced to re-
form and update their subsistence practices due to
population growth and limited natural resources (in-
tensive use and/or loss of subsistence resources due
to climate anomalies). The fourth response proposed
a general collapse of social structures in the main re-
gions as well as in remote areas. This is based on the
scenario of cascade collapse in self-organising sys-
tems of complex past societies, which inclu-
des key concepts such as fractals and self-or-
ganised criticality used in theoretical phy-
sics. In our case, this is simply the repeated
pattern of critical events in a natural setting,
in politics, the economy, and social relations
(Brunk 2002). Any of these can cause the
gradual collapse of a social system. There-
fore, Paul Combes and Keith Barber (2005.
309) estimated that a general collapse of a
self-organising system can be the direct con-
sequence of any type of critical event. They
agree that the collapse of Mesopotamian and
Mesoamerican civilisations were caused by
rapid climate change and the subsequent
global cooling periods and droughts.
Fig. 2. Holling’s continuum of adaptive cycles (after Holling,
Gunderson 2002.Fig. 2–1).
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RCC and collapses or adaptions of prehistoric
cultures
The main focus in paleoclimatology and prehistoric
archaeology was on the first cooling period and the
8.2 climate event, as well as on paleoclimatic re-
cords in the Eastern Mediterranean and western
part of the Near East, southern Balkans, and on the
Apennine Peninsula (Rohling, Pälike 2005; Rohling
et al. 2009; Pross et al. 2009; Dormoy et al. 2009;
Peyron et al. 2011; Tubi, Dayan 2013; Magny et al.
2013; Magny, Combourieu Nebout 2013; Francke
et al. 2013; Siani et al. 2013). The event was dated
from Greenland ice cores to 8300 +10/–40 and 8140
+50/–10 calBP (Rasmussen et al. 2014).
Two scenarios were proposed for the early Neolithic
evolution in the Near East and Europe in correlation
with the 8.2 BP climate event. The first states that
rapid cooling events and droughts caused a cultural,
economic, and population collapse, the abandon-
ment of settlements in the Levant, south-western
Anatolia (Catalhüyük) and on Cyprus, as well as the
migration of farmers and herders into Southeast Eu-
rope (Clare et al. 2008; Weninger et al. 2009; 2014;
Özdogan 2014). The second scenario suggested that
the abandonment of settlements and a gap in popu-
lation density were minor and documented at only
a few (4 to 83) Neolithic sites. Farmers and herders
developed new social and subsistence adaptation
strategies and did not migrate to distant locations in
Southeast Europe (Flohr et al. 2015; see also Budja
2007). Both scenarios are based on a significant
number of archaeological sites and radiocarbon
dates. The first includes 42 sites and 735 radiocar-
bon dates (Weninger et al. 2014), and the second
includes 83 sites and 3397 radiocarbon dates (Flohr
et al. 2015).
Similarly, Bond’s fifth, 5.9 IRD event is connected to
the cultural, economic, and population collapse of
the first farming communities (early Neolithic Linear
Pottery Culture) in Central and Western Europe
(Shennan, Edinborough 2007) on the one hand. On
the other, the resilience and adaptive cycles theory
revealed that RCC did not have an immediate and
catastrophic impact. Climate change was only one of
the destabilising elements. Periods of drought and
changed precipitation cycles therefore coincide with
population decline and changed settlement patterns
(reduction in settlement size and smaller number of
houses). Periods with high rainfall coincide with po-
pulation growth. Periods of peak climate oscillations
(5140/30 and 5090/80 denBC) in which dry periods
alternate with abnormally wet periods and periods
of unusually high temperatures (5106/05 denBC)
are connected to the construction of defensive walls
around settlements, social conflict and violence in
eastern regions, while in western regions the great-
est population density can be observed in periods of
high rainfall after 5098 denBC. Cultural shifts and
population collapse happened only after the docu-
mented climate anomalies (Gronenborn et al. 2014).
Mayewski’s RCC periods of 6000–5200 and 3000–
2930 BP were suggested to correlate with the col-
lapse of Copper and Bronze Age cultures (the aban-
donment of Troy VIIb9) in Southeast Europe and
parts of Anatolia (Weninger 2009.48–49). In con-
trast, the end of the Bronze Age culture in Ireland
is radiocarbon dated after the RCC period and cor-
relates to economic and social collapse caused by a
shift to new technologies, namely, iron metallurgy
and the formation of new economies and social net-
works (Armit et al. 2014).
In Mesopotamia, these RCC periods are connected
with the loss of monsoon rains, to droughts and co-
oling events. The first RCC period affected the col-
lapse of Uruk culture in Mesopotamia, and two cen-
turies later, the end of the Jemdet Nasr period (Bro-
oks 2006; 2011; 2013). In the central Sahara, an evi-
dent decline in the herding economy and transhu-
mance lifestyle occurred. The population structure
disintegrated, since the number of sites above lati-
tude 23°N was significantly reduced; population den-
sities remained high only at oases (di Lernia 2002;
Vernet, Faure 2000).
In Central China, along the Yellow River and in In-
ner Mongolia, these RCC periods are associated with
a set of rapid and strong cooling periods and chan-
ges in the East-Asian monsoon cycle, as well as the
collapse of farmer-herder cultures such as Liangzhu,
Shijiahe, Shangdong Longshan, and Laohushan
(Zhang et al. 2000; Wu, Liu 2004; Xiao et al. 2004).
Recently, attempts to conceptualise the archaeology
of climate change can be observed on the theoretical
level. These are based on the well-known premise
that climate and environmental changes were not
the only changes faced by past societies and can
therefore not be used as a default to explain their
collapse. Great emphasis is placed on regional eco-
logical variability and the economic, social, and emo-
tional responses of past societies. These are recog-
nised in changed subsistence strategies and the for-
mation of ritual landscapes or loci (van de Noort
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2011a; 2011b). In contrast, Toby Pillatt (2012) sug-
gests a research and interpretative retreat from cli-
mate and society. In his opinion, the key elements
are weather, landscape, and social memory. He re-
cognises weather as a material condition of the land-
scape, and landscape as a material manifestation of
human-environment relations. Social memory is seen
as a way of bridging the long-term processes of cli-
mate change and the immediate decisions made by
people in the past in response to the weather. This
functioned as the conceptual and symbolic basis that
enabled the transfer of environmental behaviour
from generation to generation. Actions at a particu-
lar point in history are dependent on perceptions of
the environment as they are filtered through the col-
lective knowledge of past experiences stored as so-
cial memory. The link with the resilience model de-
scribed above is evident.
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